November and 24 December, with no significant differences among treatments (P > 0.10). Hinds in treatment 1 exhibited significant retardation of mammary gland development and liveweight gain leading up to parturition (P < 0.01). Furthermore, sex-adjusted calf birth weights were on average 3 kg lighter for treatment 1 (P < 0.05), with all calves either removed for bottle-rearing or having died within a few hours of birth. Failure of lactogenesis in treatment 1 was characterized by the presence of underdeveloped, hard mammary tissue devoid of expressible milk. Hinds in treatments 2\p=n-\4 all exhibited full lactation and successfully reared their calves, and there were no significant differences in calf weaning weight and growth rates. Likewise, there were no significant differences in mean liveweight or lactation score profiles. Mean plasma prolactin concentrations varied significantly between treatments (P < 0.05), and control hinds exhibited a marked seasonal pattern of secretion which reached a peak at calving. However, hinds in treatments 1 and 2 failed to show any discernible seasonal increase in mean plasma prolactin concentrations, whereas there was a marked increase in mean prolactin concentrations in hinds in treatment 3 up to parturition, but concentrations decreased rapidly thereafter relative to those of control hinds. Melatonin treatment significantly advanced the Introduction Red deer (Cervus elaphus scoticus) reproduce seasonally, and the onset of breeding occurs in autumn and calving occurs in summer (Guinness et al, 1971) . The calving season and subsequent period of lactation of farmed red deer in New Zealand generally coincide with feed deficits owing to the natural senescence of pasture and often effects of drought (Asher and Adam, 1985) . Advancement of the calving season by up to 2 months would better align the high energy demands of lactation with peak pasture production and quality in spring, which could facilitate increased lactational yields and calf growth rates.
The breeding season of red deer and other temperate-zone cervids is under photoperiodic control (Marshall, 1937;  the secretion of the pineal hormone, melatonin (Bittman et al, 1983 Barrell, 1985) or subcutaneous implants (Lincoln et al, 1984; Webster et al, 1986 Webster et al, , 1991 Fisher et al, 1988; Asher, 1990 (Asher et al, 1988) . As prolactin has been shown to be essential for normal initiation of lactation in sheep (Fulkerson et al, 1975; Gow et al, 1983) , cattle (Karg and Schams, 1974; Akers et al, 1981) and goats (Hart and Morant, 1980) , it was postulated that failure of lactogenesis in the fallow deer does may have been due to a reduction in endogenous prolactin secretion in response to the suppressive effects of exogenous melatonin (Asher et al, 1988) . Certainly, the delivery of exogenous melatonin has been associated with a dramatic reduction in prolactin secretion in female sheep (Poulton et al, 1986) and red deer (Adam et al, 1989 (Asher et al, 1988) and red deer (Adam et al, 1989 (Adam et al, , 1992 (Asher, 1990; Webster et al, 1991 (Fig. 2) . At this point, palpable mammary tissue was described as being 'hard' and no milk could be expressed. The subsequent decline in mean lactation scores, which occurred in the absence of any suckling stimulus (all calves had died or were removed), was rapid, and no mammary tissue was palpable 8 weeks after calving (Fig. 2) .
When the data were normalized about first oestrus of the 1991 breeding season (Fig. 2) , it was evident that mean lactation scores leading up to oestrus were significantly lower for hinds in treatment 1 (P < 0.05). However, mean scores declined for all hinds in treatments 2-4 within 4-6 weeks after oestrus, at which point there were no differences between treatments (P<0.10).
Plasma prolactin profiles
The control hinds exhibited a profile of concentrations of plasma prolactin characterized by an increase in mean concen¬ trations from about 10 ng ml~* 12 weeks before calving to about 200 ng ml~ at calving (Fig. 3) (Fisher et al, 1988 (Fisher et al, , 1990 Asher, 1990) (Thimonier et al, 1978) . As expected for a seasonal species such as red deer, the control hinds in the present study exhibited a marked increase in plasma prolactin concentrations concomi¬ tant with increasing daylength, followed by a decline with decreasing daylength. These data are consistent with those of Adam et al (1989, 1992 (Fulkerson et al, 1975; Gow et al, 1983) , cattle (Karg and Schams, 1974; Akers et al, 1981) and goats (Hart and Morant, 1980) . Suppression of prolactin secretion by exogen¬ ous melatonin has been demonstrated for sheep (Kennaway et al, 1982; Symons et al, 1983; Poulton et al, 1986 ) and red deer (Nowak et al, 1985; Webster and Barrell, 1985; Adam et al, 1987 Adam et al, , 1989 Milne et al, 1990 (Adam et al, 1989; Fisher and Fennessy, 1990 ) and other ruminants (Karg et al, 1972; Hart, 1973) 
